
Pediatric cerebral resuscitation1 

James P. Orlowski, M.D. Twenty-one pediatric patients suffered cerebral anoxic-ischemic 
insults and were considered candidates for cerebral resuscitation 
measures. Fifteen were randomly assigned to treatment protocols 
of either hypothermia to 30-31 °C, barbiturate coma using thiopen-
tal, or a combination of hypothermia and thiopental barbiturate 
coma. Six patients were not assigned to treatment protocols. One 
patient had an isoelectric electroencephalogram and absent brain-
stem auditory evoked potentials and was pronounced brain dead. 
The other 5 patients were showing signs of rapid neurologic 
recovery and did not require cerebral resuscitation measures. To 
date there is no significant difference in outcome between the 
treatment categories. 

Index terms: C e r e b r a l a n o x i a • C e r e b r a l r e s u s c i t a t i o n 
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Cerebral resuscitation is defined as those measures used 
to restore central nervous system function in patients in 
whom these functions have been interrupted. These inter-
ruptions are usually secondary to anoxic a n d / o r ischemic 
injuries to the brain (for example, cardiopulmonary arrest, 
shock, hypoxia), but may also include situations of in-
creased intracranial pressure with diminished cerebral per-
fusion (for example, trauma or Reye's syndrome), infection 
(meningitis or encephalitis), or states in which demands for 
energy outstrip supply (for example, refractory status epi-
lepticus or hypoglycemia). 

Cerebral resuscitation is a relatively new field of medical 
endeavor. The initial human studies were performed in 
the late 1970s,1'2 and although the results of randomized 
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controlled studies have not yet been reported, 
results from the early, uncontrolled studies have 
generated so much excitement that some individ-
uals have suggested that CPR (cardiopulmonary 
resuscitation) now be expanded to CPCR (cardio-
pulmonary cerebral resuscitation). 

As a general rule, young brains are better able 
to recover from central nervous system insults 
than older brains (Fig. 7).3 There is a limited time 
period within which cerebral resuscitation meas-
ures must be instituted if they are to offer any 
chance for success. Six hours post-insult is the 
generally agreed upon time period. 

Methods 
The initial priority in cerebral resuscitation, 

after the establishment of adequate oxygenation 
and circulation, is to differentiate patients with 
reversible brain injury from those with irrever-
sible brain damage. The first step is to estimate 
the time of global anoxic-ischemic insult to the 
brain. Table 1 delineates the method for estimat-
ing the anoxic-ischemic insult.4 

Various clinical assessments such as the Glas-
gow Coma Scale (Table 2)5; neurologic examina-
tion including oculocephalic (doll's eyes), ocu-
localoric, and pupillary reflexes; and physiologic 
tests such as the electroencephalogram and brain-
stem evoked potentials are also useful in separat-
ing reversible from irreversible central nervous 
system injury. Calculation of the cerebral perfu-
sion pressure (CPP = MABP - ICP where CPP 
= cerebral perfusion pressure, MABP = mean 
arterial blood pressure, and ICP = intracranial 
pressure) is also used to assess the ability of the 
brain to recover from the cerebral insult. It is 
known that a cerebral perfusion pressure of less 
than 20 torr or an intracranial pressure of greater 

Table 1. E s t i m a t i o n o f a n o x i c - i s c h e m i c i n s u l t 

1. H y p o x i a t i m e p r i o r t o a r r e s t 
T i m e of s eve re h y p o t e n s i o n , s eve re h y p o x - min 
e m i a , o r s eve re a n e m i a 

2. A r r e s t t j m e 
T i m e w i t h o u t s p o n t a n e o u s pu lse o r b l o o d min 
p r e s s u r e . Does not i n c l u d e C P R t ime . 

3. C P R t i m e 
Equa ls t i m e o f C P R , i.e., b o r d e r l i n e p e r f u - min 
sion by c a r d i a c compres s ions . 

4. H y p o x i a t i m e a f t e r a r r e s t 
S e v e r e h y p o t e n s i o n , h y p o x e m i a , o r a n e m i a min 
fo l l owing r e s t o r a t i o n of s p o n t a n e o u s c i rcu-
la t ion . 

T o t a l anox ic - i schemic insul t t i m e (sum of 1 + 2 + min 
3 + 4) = 

R e p e a t e d a r r e s t a n d r e p e a t e d r e s t o r a t i o n of s p o n t a n e o u s c i rcu la t ion 
wi th in o n e resusc i t a t ion e f f o r t s h o u l d be s t a t ed as t h e s u m o f all 
t i m e s w i t h o u t c i r cu la t ion ( total a r r e s t t ime) a n d t h e s u m of all t imes 
of h y p o t e n s i o n , h y p o x e m i a , a n d a n e m i a ( total h y p o x i a t ime), 
w h e t h e r this o c c u r r e d b e f o r e o r a f t e r t h e first o r s u b s e q u e n t a r r e s t . 

than 60 torr for more than 15 minutes is incom-
patible with brain survival. 

Treatment protocol 
T h e patient is intubated, preferably by the 

nasotracheal route, and paralyzed with curare or 
pancuronium. The initial dose of D-tubocurare 
is 0.5 m g / k g followed by 0 .05 -0 .1 m g / k g / h r , 
and the dose of pancuronium bromide is 0.2 m g / 
kg as an initial intravenous dose, followed by 

Table 2. G l a s g o w C o m a S c a l e 

Notation 

4 6 8 

DAYS IN COMA 
P e r c e n t a g e of pa t i en t s w h o r e c o v e r e d ful l consc iousness as a 

f u n c t i o n of d u r a t i o n of c o m a a n d age . 

Eyes o p e n 
S p o n t a n e o u s l y 
T o s o u n d 
T o pa in 
N o t a t all • 

Best v e r b a l r e s p o n s e 
O r i e n t e d 
C o n f u s e d conve r sa t i on 
I n a p p r o p r i a t e w o r d s 
I n c o m p r e h e n s i b l e s o u n d s 
N o n e 

Best m o t o r r e s p o n s e 
O b e y s c o m m a n d s 
Local izes pa in 
N o r m a l w i t h d r a w a l 
A b n o r m a l f l ex ion 
E x t e n s i o n 
N o n e 

H ighes t s co re 
Lowes t s co re 

4 
3 
2 
1 

5 
4 
3 
2 
1 

6 
5 
4 
3 
2 
1_ 

15 
3 

C o m p o n e n t s o f t h e Glasgow C o m a Scale f o r assessing i m p a i r e d 
consc iousness a n d c o m a a r e shown a l o n g with t h e n o t a t i o n used to 
d e r i v e an overa l l score . T h i s r a n g e s b e t w e e n 3 a n d 15. A d a p t e d 
f r o m T e a s d a l e e t al .5 
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0 .05 -0 .1 m g / k g / h r . The patient is placed on 
controlled ventilation with a tidal volume initially 
of 1 0 - 1 2 m l / k g at a rate of 1 4 - 1 6 per minute, 
and minute ventilation is adjusted to maintain a 
P a C 0 2 of 2 5 - 3 0 mm Hg. The P a 0 2 is main-
tained at 1 0 0 - 1 5 0 mm Hg by adjusting the FI0 2 , 
usually between 0.21 to 0.30, providing the lungs 
are normal. During mechanical ventilation, small 
intravenous dosages of morphine (0.05 m g / k g / 
hr) provide sedation and reduce afferent stimuli. 
Hemodynamic parameters are monitored by the 
placement of an arterial line and a Swan-Ganz 
catheter. Arterial cannulation of the radial or 
brachial artery is used for monitoring arterial 
blood pressure as well as for collecting blood 
samples for measurement of arterial blood gases 
and blood chemistries. A Swan-Ganz catheter is 
used to monitor pulmonary capillary wedge pres-
sure and to maintain reasonable hemodynamic 
and renal function, at the same time maintaining 
the patient in a slightly dehydrated state to re-
duce cerebral edema. Fluid restriction is main-
tained at 1 -1 Vi c c / k g / h r of D5 1 / normal saline 
to maintain the pulmonary capillary wedge pres-
sure at 4 - 6 torr. Intracranial pressure (ICP) mon-
itoring is performed by the placement of either 
an intraventricular catheter, subarachnoid bolt 
(Richmond bolt), or fiberoptic epidural monitor 
(Ladd monitor). The patient is given an initial 
thiopental dosage of 30 m g / k g to induce barbi-
turate coma. Hemodynamic parameters are mon-
itored carefully, since thiopental is a potent car-
diac depressant. Continuous low dose infusion of 
dopamine in the range of 2 - 5 /xg/kg/min is 
administered and adjusted to maintain arterial 
systolic blood pressure > 9 0 mm Hg. Thiopental 
dosage is given as quickly as possible, preferably 
over a period of one hour. Once the thiopental 
has been administered and the hemodynamic 
parameters are stable, the patient is placed into 
moderate hypothermia by surface cooling to a 
temperature of 30 -31°C. Core body tempera-
ture is measured on the Swan-Ganz catheter. 
Once the patient is in moderate hypothermia, 
continuous electroencephalographic (EEG) mon-
itoring is performed, and the thiopental contin-
uous infusion is adjusted to maintain the patient 
in a burst suppression to isoelectric EEG pattern.6 

The patient generally requires 1 0 - 2 0 m g / k g / h r 
of thiopental to maintain burst suppression, al-
though larger or smaller dosages may be ade-
quate in individual cases.6 The thiopental dosage 
is adjusted to maintain the patient in burst 
suppression for a period of 48 to 72 hours and 

then is discontinued. If the EEG shows significant 
improvement, the patient is gradually rewarmed 
to normothermia at the rate of 1 °C every three 
to four hours. If there is no improvement in the 
EEG, or if the EEG indicates seizures, thiopental 
infusion is restarted and the patient is maintained 
in burst suppression for an additional 4 8 - 7 2 
hours. As the patient is rewarmed to normoth-
ermia, significant recirculation of thiopental 
from fatty tissues may occur, resulting in signifi-
cant hemodynamic compromise. An adjustment 
of dopamine infusion to maintain normal hemo-
dynamics may be needed. Once the patient has 
been rewarmed to normothermia, the neuromus-
cular paralysis is discontinued, the patient is per-
mitted to resume spontaneous ventilation, and is 
then extubated. Significant increases in intra-
cranial pressure may also be indications for rein-
duction of barbiturate coma for an additional 48 
to 72 hours if these increases are of a significant 
degree and result in plateau waves greater than 
30 mm Hg. A normal slight increase in intracran-
ial pressure of 5 - 1 0 torr is to be expected with 
rewarming and discontinuation of neuromuscu-
lar paralysis. 

The Cleveland Clinic experience over the past 
four years with cerebral resuscitation is shown in 
Table 3. Patients have been randomly assigned to 
therapies of hypothermia alone, barbiturate 
coma, or a combination of hypothermia and bar-
biturate coma. The patients have ranged in age 
from six weeks to 19 years of age. T w o patients 
had refractory status epilepticus, one patient had 
herpes virus encephalitis, 2 patients had Reye's 
syndrome with intracranial hypertension, and the 
remaining 16 patients had cardiopulmonary ar-
rest, with arrest plus CPR times > 5 minutes and 
total anoxic-ischemia insult times > 1 5 minutes. 
The patients in the no-therapy group were not 
randomly assigned to a conventional therapy 

Table 3. C C F e x p e r i e n c e w i t h c e r e b r a l 

r e s u s c i t a t i o n 

Total 

Therapy 

Total 
Nil 
6 

Hypo-
thermia 

6 

Barbiturate 
coma 

3 

Hypothermia 
+ barbiturate 

coma 
6 

O U T C O M E 
Died 1 3 1 1 
Severe—mod. 1 

defici t 
N o n e - m i n i m a l 5 3 2 4 

defici t 
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group, either because initial assessment including 
EEG and brainstem auditory evoked potentials 
showed evidence of brain death (one patient), or 
clinical examination, EEG, and brainstem audi-
tory evoked potentials showed that the patient 
was recovering rapidly and spontaneously from 
his cerebral insult and did not require assignment 
to a cerebral resuscitation protocol (5 patients). 
Patients in the hypothermia-alone-treatment-reg-
imen were treated with moderate hypothermia 
by surface cooling to 30 -31°C for 48 to 72 hours. 
Patients in the barbiturate-coma-alone therapy 
group were treated with an initial thiopental 
loading dose of 30 m g / k g and then placed on a 
continuous low dose thiopental infusion to main-
tain their EEG in a burst suppression to isoelectric 
pattern for 48 to 72 hours. Patients in the hypo-
thermia plus barbiturate coma treatment regi-
men were managed as outlined in the treatment 
protocol. 

Results 
The numbers are insufficient at this stage to 

draw any statistical conclusions about the various 
therapies being tested. Because of questions 
about the legitimacy of historical controls, we 
have decided to include a control category in the 
study from now on consisting of patients treated 
according to protocol except that they will not 
receive barbiturates, and they will not be placed 
into moderate hypothermia. That is, patients will 
now be assigned to one of four treatment cate-
gories, either conventional therapy, hypothermia 
alone, barbiturate coma alone, or combined ther-
apy with hypothermia and barbiturate coma. Al-
though these data are preliminary and the num-
bers are too small to draw statistical conclusions, 
we believe that some patients are surviving with 
a better neurologic outcome than was previously 
experienced with conventional therapy of histor-
ical controls. This hypothesis will be formally 
tested. 

Discussion 
Cerebral resuscitation was born out of neces-

sity. Critical care medicine and reanimatology 
had advanced to the stage where we could suc-
cessfully resuscitate the heart and lungs of many 
arrest victims. However, many of these victims 
ultimately were in a severely compromised neu-
rologic state or suffered brain death because the 
brain could not survive the same insults from 
which we were able to resuscitate the heart and 

lungs. This was especially true of the pediatric 
heart and lungs, which could recover from sig-
nificant anoxic-ischemic injuries and arrests that 
left the brain dead or in a persistent vegetative 
state. Clearly, these could not be considered "suc-
cessful resuscitations." An advance that would 
enable successful resuscitation of the brain after 
an anoxic-ischemic insult was needed. In the late 
1970s significant advances in the area of cerebral 
resuscitation occurred, which now offer the po-
tential for successfully resuscitating or salvaging 
brains that would otherwise be irreparably dam-
aged by anoxic-ischemic insults. 

Sudden complete arrest of the cerebral circu-
lation without reperfusion results in exhaustion 
of oxygen stores and EEG silence within about 
10 seconds and exhaustion of glucose and aden-
osine triphosphate (ATP) stores within about 5 
minutes, at which point brain lactic acidosis has 
reached a maximal level.7 Then follows homog-
enous dying of neurons, which, however, show 
clearly irreversible changes only after about 60 
minutes of arrest.8 

Total circulatory arrest of the brain for 5 min-
utes or longer followed by usual life support 
measures results in homogenous, multifocal 
dying of neurons and variable degrees of per-
manent neurologic dysfunction.9 The outcome is 
the result of the initial insult plus secondary 
changes following reperfusion and reoxygena-
tion. The mechanisms of brain cell damage from 
ischemia, hypoxemia, hypoglycemia, seizures, 
and trauma are believed to be similar, but ther-
apy that is effective for one may not be effective 
for others. Cardiac arrest results in temporary 
complete global brain ischemia. "Global" refers 
to the entire brain in contradistinction to the 
focal ischemia of a stroke. The results of cerebral 
resuscitation are clearly dependent on a large 
number of factors including age, health, and 
nutrition before arrest; type of insult; presence 
of drugs or anesthetic agents before arrest, which 
may offer some protection; type, timing, and 
success of reoxygenation and reperfusion of the 
brain; necessity for postischemic life support; in-
dividual variations in the response to the insult 
and to therapy; and dosage, type, and timing of 
cerebral resuscitation therapy. 

Both hypothermia and barbiturates are be-
lieved to work in cerebral resuscitation by reduc-
ing cerebral metabolic rate for oxygen (CMRo2) 
and cerebral energy consumption. 0 - 1 2 Barbitu-
rates and hypothermia are also known to reduce 
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intracranial pressure.2 1 3 1 4 It has been theorized 
that barbiturates may act as scavengers of mem-
brane-damaging free radicals formed during and 
after anoxic-ischemic injury to the brain.15 

It should be clear from the treatment protocol 
that the cerebral resuscitation measures of hy-
pothermia and barbiturate coma are both expen-
sive and risky. Thiopental is a potent cardiac 
depressant, and cardiac output and blood pres-
sure must be monitored carefully to prevent ca-
tastrophe. Likewise, hypothermia, especially dur-
ing the induction and rewarming stages, can be 
associated with significant cardiac arrhythmias 
and acidosis. The patients, therefore, must be 
monitored carefully in an intensive care unit 
whose personnel are experienced in hemody-
namic monitoring, intracranial monitoring, and 
cerebral resuscitation measures such as induced 
hypothermia and barbiturate anesthesia. 

Since cerebral resuscitation measures must be 
instituted within six hours to be effective, candi-
dates for cerebral resuscitation should be trans-
ferred to an intensive care unit equipped and 
skilled in cerebral resuscitation. While one is 
preparing for transfer, the following measures 
help to protect the brain from further injury 
after the anoxic-ischemic insult: 

If the patient is comatose or shows signs of increased 
intracranial pressure, he should be intubated and hyper-
ventilated to maintain a PaC02 of 25-30 torr and a Pa0 2 
of 100-150 torr; a Foley catheter should be placed; a 
dose of furosemide of 1-2 mg/kg should be given; an 
intravenous infusion of normal saline at 1-1.5 cc /kg /h r 
should be given; and a dose of dexamethasone at 0.5 m g / 
kg should be administered intravenously. If signs of intra-
cranial hypertension occur that do not respond to manual 
hyperventilation, a single dose of 0.25-0.5 g /kg of man-
nitol over 15 to 30 minutes should be given. 

Other drugs including phenytoin, benzodiaze-
pams, narcotic antagonists, and calcium channel 
blockers are being researched as potential cere-
bral resuscitants. Recent advances in cerebral 
resuscitation offer the potential for significant 
central nervous system recovery after anoxic-

ischemic or traumatic injuries to the brain. It is 
probably not overly optimistic to expect that a 
significant breakthrough in this area will be forth-
coming within the next few years. Candidates for 
cerebral resuscitation must be stabilized and 
transported as quickly as possible to a center 
whose personnel are experienced in cerebral re-
suscitation. 
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